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Si I 0.06-0.45%. 
P : 0.019%J£TF. 
Sol.Al : 0.015-0.075%, 
O:0. 0049% 
Nb I 0.001-0.019%. 
Cr : 0.001-0.195%, 


umm 1 1 

@«%t\ 

C : 0.18-0.29%, 
Mn : 0.91-1.85%, 
S I 0.0029%mT, 
N : 0.0049%U1T. 
B : 0.0001-0.0029%, 
Ti I 0.001-0.029%, 
Mo I 0.001-0.195% 

£, tis (i) yt^fcm2tizjfcmmmiCeqm.m±.o.58*m*ffi&L, *ob*#il 

MS#I« ift^Fe J: <9 ¥^7x7-f bRffllSSd«H.l /1 ma±12^*St 

Ceq =C+Mn/6+Si/24+Ni/40+Cr/5+Mo/4+V/14 ( 1 ) 

C, Mn, Si, Ni. Cr. Mo, V : #x*#*S: (Hft%) 

2 ] 

flirlfi&ijfcfcflnx., S5>cRi%-e, Cu : 0.001-0.175%, Ni : 0.001-0.145%. vro.o 

oi~o. 029% <d -5 *> * atf^fc 1 a * /c 2 i£n± mtJifc £#m t -r & w*^ 

3 ] 

BtrieM^inx.. $€>^R*%t?, Ca: o.oooi~o.oo29%£#*i-£ £ t 

[fit** 4] 

C : 0.18-0.29%, Si 

Mn : 0.91-1.85%, P 

S : 0.0029%m~F, Sol.Al 

N : 0.0049%mT. O 

B : 0.0001-0.0029%. Nb 

Ti I 0.001-0.029%. Cr 
Mo : 0.001-0. 195% 

Cu : 0.001-0.175%. Ni : 0.001-0.145%. v : o.ooi~o. 029% <Dr> 1 a 

$ tz it 2 m&>±& XXF/ttz l±Ca : 0. 0001-0. 0029% * . 

TIS (1) ^:-efe*$*t*R*Sfl:CeQ**0.4£ll±0.58*»*»J£L, *#H LfcGr 

ossmarmt' iSi^AtL^m^^tfx^ 1 - 2 ^-!!!^*^^^-^^ <t d ^. ^*-^*aLjS 
Z^-?Z>mX77*, 1160-1320'C^JnlfeL^^. tt_LJEM;&TzaK£750~980 < C t 
«HWttJiJE5£*^TV^ #JR«5 t X-<7>®l,Z2s]Zk±<D®iftl%fflZmi1. *B££560-740 

IB 

Ceq =C+Mn/6+Si/24+Ni/40+Cr/5+Mo/4+V/14 ( 1 ) 

C. Mn. Si. Ni. Cr. Mo. V I #7G^#« (H»%) 

im&m 5 1 
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0. 06-0.45%. 

0.019%J21T. 

0.015-0.075%. 

0.0049%J£1T. 

0.001-0.019%, 

0.001-0.195%. 
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[0 0 0 1] 

[ftii] 

[0 0 0 2] 

^3&MS1f i^Sftii, -tf-x^^a^ ->^->-*B#fc 

[0 0 0 3] 

mtitz-^m^xmmm, fcmwLmxmmtt&z&zou&mzmi-zmfttfmTFZfi 

K&tiiz* y 9 - vf 7 - * v > y * - * t v»o sK7*>f mtt#^ £ £ 
ffiMte * W * i § & v» v> -5 rasa** & o 

[0 0 0 4] 

F7^?£#£#££ ^X^.>->3>, is V *s-UMK'&W 

[0 0 0 5] 

Sfiatii^ «ffi<a*£##14*fij.L-t*£ fcfi-ct*^ £<£>&#-c~f4. t^^y 3 

[0 0 0 6] 
[0 0 0 7] 

m*gKwr *M^ra^$tLTv^ 0 i*Le»oafl5t=j:tLtf, sw««-ci*ai*YfcL, #c 

#r«{4, -*.x^>->a>\ ->^->-lfB#tc^*^14^##tt«-#sc:i:^-e§55rv> 

[#^SIt 1 ] #£-¥7-74382-5§-<S-^ 
[#«=Jt2] #M2000-248338-^<&m 
[#ra3] JNfR=*260517HS-2HR 
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MMfcfctU] #S§2000-248331-§-<£$& 

[Wfrifcltt 5 ] mWk&WO 02/070767 Al#><> 7 V sr h 

[#ff:«6] #1^311 1861-SHHt 

[#^it7 3 #^^3374659-t<2r$& 

[^W^8] #M2003-138316^«L 

[0 0 0 8] 
[0 0 0 91 

CFE1^20%m±^^i-^^V^ *> 1r&o [&ti1z&XfL&<0&&&nt] tit 

, 0£2jJt:-1.0) it 4 v^^o/E^Sffitff 3^45011 

ft (WllAt'fX, 2mmV/y^) K ^t * flfcM^i&KvT r sj5*-40 , C£ILT'e**# 

^tv»nokt4. r«tLfe»awRi»iifttj o.iNi&mf x-m&mim 

m. (Mffifct! I 1180MPa) ^*3tt^>^KfBf^^200hm±-e^^m^^V^ ^<^)i:i-^o * 
[0 0 10] 

fLiz&mPit-t&z.b\zi.t)* W>Va>, fcfcv^Tj&Sfc £tL<2>, fig; 

*»*rj6*#&*L* ^ t £ mm tTto 

[0 0 11] 

(1) If%-e, C : 0.18-0.29%, Si : 0.06-0.45%. Mn : 0.91-1.85%, P : 0.019% 
S: 0.0029%£J>T. sol. Al : 0.015-0.075%. N: 0.0049%MT. 0:0.0049%mT 

. B : 0.0001-0.0029%, Nb I 0.001-0.019%, Ti I :0. 001-0. 029%. Cr : 0.001-0.195 
%, Mo : 0.001-0. 195% £. >X (1) 

Ceq =C+Mn/6+Si/24+Ni/40+Cr/5+Mo/4+V/14 ( 1 ) 

(££-e. C. Mn. Si. Ni. Cr. Mo. V : #7C*##* (R*%) ) 
■C5gft$tL4^*^iCeq*«0.4Ja±0.58*SI«:SSJ£U, froB £#Jt LfcGrossmannfc J: 

¥*&-7^9-f hR«i§&&dfan.i/fm&±i2 /z 19, -r h 

(2) (1) k*5v*t\ mrisa^^inx., ?f>i:Sf%t% Cu : o.ooi~o. 175%, Ni:o. 

001-0. 145%, V : 0. 001-0. 029% <D ? ^ P> glf tL/c 1 a $ fi 2 aJ£Jl_L «r^f & ^ 

(3) (1) *fc(± (2) KiSV^T, tfHBS£j£fciDx.. Ca:0.0001~0. 

0029% ztt-fz z t *<&WLti-z &m^m&uttmmtfo 

(4) Sfi%-C, C : 0.18-0.29%, Si I 0.06-0.45%, Mn : 0.91-1.85%, P: 0.019% 
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#112 0 0 3-4 1 4 3 3 6 3/ 

&T\ Sl0.0029%mT> sol. Al : 0.015-0.075%, N I 0. 0049%&T, 0:0.0049%&T 
, B I 0.0001-0.0029%, Nb : 0.001-0.019%, Ti I :0. 001-0. 029%, Cr : 0.001-0. 195 
%, Mo : 0.001-0. 195% £, ^ (1) 5$ 

Ceq =C+Mn/6+Si/24+Ni/40+Cr/5+Mo/4+V/l4 ( 1 ) 

C, Mn, Si, Ni, Cr, Mo, V : #5n***JI (R»%) ) 
$ ft* Jt*a£*Ceqtf«0. 4M±0. 58*iH«:»JE. L, B LfcGrossmannfc «fc 

4*AftttffrjBcO^W- Z 5&»1.2£l±1.7*St«:»JE-r4 J: "5 L < 

KttfcFe^fc 9 7*, 1160-1320 < CtCinl^L7tm, tt±J±®**-TS. 

«R >9 aft £560-740*0 t LT^Jfc*), ^JfiSPHi? £ 1 JS^Bu MA 

*M£<^#5i&ft, fiia«Btt* <t tma*t«fe*4#ttc«ftfc Stt^Wit^ffl^sfliirwisi 

(5) (4) k^t, nraBa*twinix.r$e>»w, ®fi%T% Cu : 0.001-0.175%, Ni : 

0.001-0.145%, v: 0. ooi-o. 029% <^*>ri»e>^tfftfc imttzi±2m&±z^m-?& 

(6) (4) tizit (5) KJ3V>T, frlB&^tCjnAT$ ^ ®fi%"C, Ca I 0.0001- 
0.0029% itOTtfS e«l*fl|jt«P*tffl«feM«! 5 ffirO«ii*«o 

(7) (4) &v>L (6) OV>rft^t-IBtt^fe^»^§tL7t^3ffi«!m**ti-i:LT, 

10 0 12] 

*§&Wtz£titf, ^^-«>V3>, v-^#Kj3^Td&gi £ft&®ft*:, 

mm * njfc-r a * j&jbi] 

[0 0 13] 

ft £ KJ: % f±# iz % -ei2l- o 

[0 0 14] 

C: 0.18-0.29% 

cf±, mx tim <Dm&&& * m&t & tztbK<&w%jum-e& & o.i8%*^s-e«, ^ 

S®a£#3ftft*«S«1-*££#Bttfc&iK 0.29%£jgx.&£, 

4$fc-tZo $£oT, Cii0.18~0.29%©lEHfc:liR5£Lfco ffSKli, 0.18-0.24 

%-eab^o 

[0 0 15] 

Si : 0.06-0.45% 

S^7x5^ * *|&WT?tt, 0.06%J£Lt<Z)-^£<J&^i1-£ 

o Sitf ? 0. 06%5jc8l _ efi 7x7^f h^WJIL, ja^tt^fti-So 0.45%£ 

Si {±0.06-0. 45% tf>16HKR5£Lfco ffiKlt 0. 15~0.35%-C&& 0 

[0 0 16] 
Mn I 0.91-1.85% 

Mn(±, ■mXfiXmx-^y z7-f h3E88«:«lW-f-4 5e*t?*f)s 90%m±co^ML^r;Ux 
>*-f «iLT, <Mi Sft&:&Aft^i!£#&ft£?i^&/c#K, #f^T»{±, 
0.91%m±<o^^^i:i-So lfcr***3ft t 0.91%*»|-C»i, £1 AftHf t' Mffi 7 
x7^f bi^mffiUftS©a£##tt#&&;fc,fcv>o 1.85%£igx.&-^i±, 
W/t'f h&a8ffift(Msja)j&*1£TU ftAiilg^v^fVt'f hOgfiHK 
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^tt^^bl-^o t£oTMnti0.90~1.85%«9$BBM£L7t 0 £P£ L < ti> 1.0% 

gx.l.6%^Tt*^o 
[0 0 17] 
P : 0.019%J^T 

tt, »il«^#tt^^b$-^^7C*T-*l9, 0.019%^^^.T^i-^ 

^S^&ao ^<Otztb^ P}i0.019%J^T{c|5S5EL^o £F£L<{3\ 0.014%mT 

[0 0 18] 

S ! 0. 0029% £TF 

SbftU 0:fd£#3iitJg£^L<iI:T 0.0029%^®xT#^-r^> 

fc, z-ommmmmtK&o -0/^ s{io.oo29%*±i^t $f^t<ti 

, 0.0020%mT-e*^o 
[0 0 1 9] 
sol.Al : 0.015-0.075% 

i-zytmx&io, *%wxit^ mn&ftt<D®.&fr*tx~mm<Dm.Wi. tztb^zo. 

0l5%&>±<D^*&mt1r2> o sol.Al^ s 0.015%*?i^{i±ffit/i^^»^ < , — 

o.075%^^x.^»2:^i^l&fni-^t t ^tw. m^%m^&Wii#nU mit14^^# 

& o t&o Tsol. Al fiO. 015-0. 075% K V&fc L £ 0 
[0 0 2 0] 
N : 0.0049%J^T 

#ttO^»)Mi:^^>^i6^, *<D]fc%-mmi±Mfefc%ifcir2>&^$>2>o 0.0049%£jgx. 

x^-r&t, Mm^Timmmizx vi&msmmT-f&o c\<nfz*b^ n«o.oo49%^ 

[0 0 2 1 ] 

0 : 0.0049%£1T 

on, ic^tiiLtirf^L, m&n, &%mm*&Tm£2> 0 0.0049%^® 

x.&ttii, iClM^Ift^S, c\<Dfztb, OliO. 0049% £±R! 2: Ltz Q 
£ L < }i0.0020%mT-C&&o 
[0 0 2 2] 
B : 0.0001-0.0029% 

ClOJ: 9 ^^fi0.000l%^±<^^-e^1-'5>o — ^> 0.0029% : lr^x.^>#^-li, »M 
Kfam.m i &*&T% J £Z>o ^o-CB{i0.0001~0.0029%tC|?a^L^:o $?iL<i±. 0 

.0008-0. 0018% -C&&o 
[0 0 2 3] 
Nb : 0.001-0.019% 

.019%^^x.^>^{±^IAtL|lrO^^SreT^-fr^o t£o TNb&O. 001-0. 019%^® H 

[0 0 2 4] 

Ti : 0.001-0.029% 
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#H 2 0 0 3 -4 1 4 3 3 6 ^- y : 5/ 

, teift«Jtt*fi:T$-&*o t£oTTifi, 0.001-0. 029% OlEBfcRjfeL fco 
[0 0 2 5] 
Cr : 0.001-0.195% 

•Ci^o Crii, ^AaSa^Bf^^-^-r^-f h^#t;:Pi£HjI#f Lltv>£#>, « 

J: S»iIftTO#te— O&i^aM^^o £ *Li£><0S&*Mt 0.001 %^±O^T-|&^1- 
0. 195% «IAftHro^tt4r®:T$*So t£oTCrte0. 001-0. 19 

5%t L£ 0 
[0 0 2 6] 
Mo : 0.001-0.195% 

Moli, ^AtLttfS]±7C3lt LTMn, B<£>f£Jl SrM^I"* * K, fSfOC^x > v * ;v 
* Ttf £ * , ftA*Lini«W*0*liffiJft *«Uh LtA ti%t<Dfcm%nm L < [6J± $ * £ 
o £*Lf><^a*tt0.001%JSLJ:O^ma-t43& , x 0.195%^^x.-2>#^f{i, ^AtLgfjCO 
«t££1S;T ££o TMoliO. 001-0. 195% t Lfco 

[0 0 2 7] 

±fBLfcafc#fcJffifcinx.-C3e>£, Cu: 0.001~0.175%, Ni I 0.001-0.145%, v:o.o 
01~0.029%O^t.*»e>atffL^lttJ7tti2«£JL±, asJiCT/SfcHU Ca : 0. 0001-0. 0 
029% «r#^r1" 3 £ t a*-e § £ o 

[0 0 2 8] 

Cu, Ni, Vi±, V>T^^>»3ltLTO#tt, fia«8tt*iej±§**5c*1?*lj, j&KKtS 
taw Lt 1 M±^tt § & o 
[0 0 2 9] 
Cu I 0.001-0.175% 

Cu(i, ffi-k<DMft £ t & £^Ji, #KMnST y - KM^^TG^t L-C$HbLJ&:feO 

£>l?^^tfl4o £tLP,o^{io.ooi%m±o^t?|&3i 
•fSri*, 0.175%£j@x.&^;£l±, «feffil^O»i»Cu^jBB-f*M«EOf&^ojRi|r**iiin 
-r^>o TCutio. ooi~o. 175% t-r^c: L^o 

[0 0 3 0] 

Ni : 0.001-0.145% 

**"C«ai-*#, 0. 145% £j@x. ilUCt-^rt'f l>-7x^ hgesi 

dWfUS*^ ^fM^m^55*#f>tt-r> ^AtLtfro^Btt^'STi-^o $£oTNiii0. 001-0 

[0 0 3 1] 

V : : 0.001-0. 029% 

.00l%m±O^T*^1-^.^, 0. 029% -«IAfL«r^3gtt*fiT$-fr 
£o t£o TV}±0. 001-0. 029% tnit^i Lv> 0 
[0 0 3 2] 

±IELfc#ja^Kinx.T$ e>K, ca : o. oooi~o. 0029% fc-gqi-ra So 

[0 0 3 3] 

Ca : 0.0001-0.0029% 

Cafi, fi^OCaSfc LT««t»K*ffflL, MnS<Dg# Lrt-fr^EM a Cl t iZ <fc 0? , 
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*5SC(DC**t?S*« d^*{±0.0001%m±^^T^H-r^^ 0.0029%£jgx.& 
liCaOSUh^W frC J: -2> CI *i ib^tt^^M^W^Mft'fki- £ o t&o TCaiiO. 0001-0. 002 

[0 0 3 4] 

#5&wtm\ ±&Ltzmfri:±MLt:mmto-?. fro*. (1) * 

Ceq =C+lifa/6+Si/24+Ni/40+Cr/5+Mo/4+V/14 (1) 

(i£t, C. Mik Si, Ni, Cr, Mo, V : #7C35i^i («*%) ) 
•e^$^-5>^*^SCeq^0.4m±0.58*?i : lr?1IJg.L. ^oB LfcGrossmannK J: 

*»AftttflfSjco^w- z **i.2Jsi±i.7*»i«:9Jje.i-& <£ o ^> &7c* * o 

[0 0 3 5] 

JStltSSCeq I 0.4&±0.58*8! 

45M*t-e«t, BrS^&AtUSflF, &#3&Ka*#&*Lfc<fca 0 -^0.58^ 

S:Ceqi±0.m±0.5S*mtLtz o fcfc, jJiKli, 0.44J£LL0.54£JLT-e&£o ( 
l) &.mmK&^ri*^ £LXftMir&i><Dt-?2>o 

[0 0 3 6] 

Hl^*^*Ceqfc, ^AtL^0.1N^mi :, -C^4^fflTO»fB#^x ^ir/nf-W 
SttfeO&ffi»£ilJ£vTrs, ^FiB ft »f SE^aiJK ^ f tOHi^to Bl*e>, Ceq**0.4& 

[0 0 3 7] 

a (MPa)= (12Et 8 ) / (3H 2 -4A 2 ) 
E:«EWttje»[ (2.06X10 5 MPa) „ t :«MHW> H:WS*3fc&HHi*(m 
a), A= (H-h) /2. h : *F3££ffiJE8t(mmK 5 I |^fi-**tf>S£tfc*(mm)) 
•CW-Jt^^aHWJE&^Jtf *s 1180MPat LTS^JSf U ft^c200h * TO|*R**Jfc Lflfc 

[0 0 3 8] 

MAiiL/;Wi!)l/4ta (ff$ : 2. 5mm) <E> 2 mmV J v f-mW&M&\ 

fco 

[0 0 3 9] 

UjS«25Hz, ft*«ygj&10 7 ^-f **^tt»U ^^L*v>*^JS*Ste<r f £3£ 
[0 0 4 0] 

B^#^L^Grossmann^«fc^>MAtLterao^ftx : 1.2JSJL±1.7*» 
Grossmann^ ±2>%tXtL&fem±, ffim<omfoe»8M®~ ^Xfi^<DWSt> &#3&&* 
tf: #> HfiWI" <2> & & #$-^7 J* - 9 -2) o Grossmannt- X Z> -fitXtiftifegkli 

> *5£W?l*. «it«r, U : 8tfH*t*M£, p .402-4050*3 IclBtt 

&7t^^o^X <D&1\ % * & ffl^StOttSo GrossmannC J:S#feA*L 

&v>B{iov>T(i. TiNU i -2. @f*f ILTNiUa±@Wtt?M>i^^ 

[0 0 4 1 ] 
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#02 0 0 3 -4 1 4 3 3 6 ^-v : 7/ 

[0 0 4 2 j 

[0 0 4 3] 

xyo o^^v f ^30% m ±98 % -e * & * 1" & o 

[0 0 4 4] 

^7x7^ hRffiSttSdf : l.l^mJa±12^m*i» 

5ftK**;*;£ <{&Ti" *<> ZWzib, mtt<D¥-$3~7 h RfflMS*4&df fcl.l/u mm±12 

[0 0 4 5] 

Hl4tc^AtLffO«# iJ8©^7x7^ hRffl*£ie«dffc&A*M&<B¥iiffl 

h Rffl^ttSdf l.lyumJSJLt, 12/£m*Sfi©»£-£ fi, <r f 7&*450MPa£JL±O^V^^ 
aiK^W^JtSo #fcdfj&«, 2.0~7.9^mO|gH"T?tt500MPaJSL±fcv^Hv>j£^SiJK3& ss » 

iitv^, 7x70ili, W7i?-f F, Tv 

^ra7-7x7-f Fv>^f 7T >'7x7^ T" 4 777x7^ h & 

[0 0 4 6] 

*iL^t«Sli47x7'f h*fc*-£tr;fc*. f^7x^ Mfc£l±iB»HSlwJ:* 
[0 0 4 7] 

[0 0 4 8] 

7x7^f h #«^V f : 30%J2LL98%5feiB 
7?§-f> SBffl9*«««3&*je**+«i:*0, SSAtUfe©*^*!*^* <fiWo - 

^TOft (SEM) «fc *) lOOOfeX- 2 t|^m±m^ JgftLT, «2ffi**«llL, M 

[0 0 4 9] 

[0 0 5 0] 
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[0 0 5 1] 

x^n&nSfc&i* : H60~i320 , c 

t£o 7 -/MfciftftH: 1160- 1320*0 1 -fZ Z ti&m* L^o «t L< fill80 

~1280 < CT"*^)o 
[0 0 5 2] 
tt±JEMI«-TzaS I 750~980t: 

^^m^^t^AtL|u0^tt^ig:T-r-?)o 980*C£jmx.£t. 
^ffl^fc L-mAtiift<7)j&MmmT-f 2> o -Ctt±J£SII*-TSK{i750~980 < C £: -f & £ 
t^tLv^o &j3, i t L< {i820~940rT^^.o 
[0 0 5 3] 

%5ii9 tx<D&i%mm : 2 S j^± 

s m±o^B#F*g£iii{£i-& -r £ Lv> 0 te±J±mmT1k<D®:ftti±^ <%£Pi£K : 20 

[0 0 5 4] 

^i9ia^ : 560~740*C 

mMtyT&mtiK 56or*p-c-}i. pfloyxy'f h W# <b *t-f 

ttfiftjt-r*^ 74or£®;t&«Jioc:a®T^ing££*K -mxti^m^^m 
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